Abstract: This paper examines if the effects of agglomeration economies get manifested in technical efficiency and generate faster economic growth and higher (lower) levels of employment (unemployment). Using the prefecture level data for each of the two-digit groups of industries in Japan, the paper estimates region-specific technical efficiency index based on the stochastic frontier production function framework. The results of the factor analysis show that in most of the industry-groups (with a few exceptions) efficiency has a positive association with external scale variable(s). Though the relationship is not seen to be very strong, it would be equally erroneous to ignore the effect of agglomeration economies on efficiency. In the case of some of the light goods industries the agglomeration effect is relatively stronger. Further, economic growth varies positively with external scale variable(s) and unemployment rate tends to fall with respect to growth and concentration. All this tends to suggest that measures against industrial concentration may be counter-productive, particularly in the context of globalisation when countries are in dire need of raising productivity.
Perspective
In the process of economic development not only industrialisation leads to urbanisation but also urbanisation has productivity-augmenting effects on industry (Mills, 1967; Henderson, 1986; Krugman, 1991; Fujita and Thisse, 2003; Kuchiki, 2005) . The major links between concentration (of population and activities) on the one hand, and industrial productivity on the other include several factors such as complementary services that reduce cost of operation, the declining effective price of infrastructure (power, water supply, roads etc.), and backward and forward linkages among activities. An important mechanism through which concentration is said to impact positively on performance is perceived in terms of technical efficiency (Mitra, 1999) . In other words, the benefits of agglomeration economies arising in large urban settlements tend to get manifested in firms' technical efficiency which is higher than that of firms located in medium sized and small towns 1 . This aspect of the agglomeration theory motivates us to examine if regions with higher concentration of population or industry also reveal higher technical efficiency in general.
1 Total factor productivity growth, in a dynamic sense, is equal to technological progress (regress) plus the change in technical efficiency. So at a particular point of time given the level of technology, it is the difference in technical efficiency that explains the difference in performance. Of course this is based on the assumption that once a technological advancement takes place in one region its dissemination occurs instantaneously. So at a particular point of time differences in performance are mainly determined by the extent to which one is able to utilise the available technology.
Empirical evidence on the existence of agglomeration economies has been somewhat mixed. Moomaw (1983) , Segal (1976) , Shukla (1984) , and Sviekauskas (1975) observed that productivity is generally higher in larger cities. Carlino (1979) on the other hand noted that population scale had a negative effect on productivity reflecting diseconomies rather than economies of agglomeration. Henderson (1986; 1988) observed the significance of localisation economies which tend to peter out as a city expands, implying that there is a limit to the benefits of agglomerating similar activities. In the context of Japanese cities, Nakamura (1985) observed that light industries received more productive advantages from urbanisation economies than from localisation economies whereas in the case of heavy industries it was the reverse. The policy implications of these findings are important, particularly in the context of the spatial distribution of industry. Fujita and Thisse (2003) argued further that agglomeration economies lead to higher growth because with the movement of the economy from dispersion to agglomeration, innovation follows a much faster pace. Though this seems to provide support to the trade-off between growth and spatial equity, the additional growth spurred by agglomeration may lead to a Pareto-dominant outcome: even firms which stay in the periphery and are not in the core, are better-off than under dispersion. Romer (1996) emphasising the role of market size argued based on historical experience that large markets create greater incentives to discover new ways to use resources. On the other hand, Jones (1995) noted that the growth rates in the major OECD countries do not seem to be proportional to the size of the labour force in those countries, rather are constant or declining. Futagami and Ohkusa (2003) demonstrated an inverted U-shape relationship between market size, measured in terms of population size, and growth rate. This means that both small and large economies grow sluggishly compared to the medium-sized economies. All this widens our hypothesis, suggesting that concentration, technical efficiency, and economic growth all three are in relationship.
Economic growth, even when it is accompanied by high degree of mechanisation,
generates employment opportunities at least indirectly if not directly. The complementary relationship among activities and backward and forward linkages among sectors operate to allow the growth effect in one sector to spill-over to the rest in a particular region (Papola, 1981) . As a result, though migration to regions with higher growth are possibly faster than regions with relatively lower growth, unemployment rates are expected to vary inversely with concentration, which forms an additional component of our hypothesis.
All these postulations have important policy implications, and hence warrant a thorough empirical investigation. We pursue this framework to analyse the patterns at the prefecture level of the Japanese economy with a belief that if this holds in a relatively small (and culturally more homogeneous) but highly advanced economy that is characterised by rapid technological progress and faster levels of communication channels operating across regions, then in a country at a lower level of development with much wider socio-cultural, geographic and economic variations and with not-so-advanced channels for technology-dissemination, its applicability would be much stronger. The organisation of the paper is as follows. The next section refers to regional 
Regional Diversity: Broad Patterns
Notwithstanding the small size of the country the regional diversities in Japan are sizeable. The composition of the manufacturing sector in Japan, as shown in Table 2 , reveals wide variations. In terms of employment, manufacture of food (9), general machinery (26) Like the manufacturing value added or employment, several other variables like per capita income, population density, unemployment rate, the proportion of total manufacturing employment to the total workforce, also show considerable variations across regions (Table 3 ).
The unemployment rate in Okinawa, for example, is as high as 7. between the rate of unemployment and the per capita gross domestic product is -0.30 and also the correlation between the proportion of total manufacturing employment to total workforce (a proxy for agglomeration variable) and the unemployment rate is around -0.58 (see Figure 1) .
Further, the percentage share of manufacturing employment in the total workforce and per capita income show a reasonable degree of association between them (0.50). The alternative index of agglomeration variable conceptualised in terms of population density bears even a stronger association with per capita income (0.64, see Figure 2 ). In other words, per capita income taken as a proxy for growth index seems to be positively associated with agglomeration variable, and growth tends to raise employment for which the rate of unemployment rate falls with a rise in per capita income.
In section 4 we turn to the estimation of efficiency index for each of the two-digit groups of industries and examine if technical efficiency is the major link between agglomeration variable and growth. In other words, we try to assess if agglomeration economies manifest themselves in higher technical efficiency, which in turn leads to higher economic growth and lower unemployment rates. 
Methodology
The significance of agglomeration economies and their beneficial effects in terms of higher growth and a lower incidence of unemployment are examined at two steps. First, using the concept of frontier production function, we estimate technical efficiency for each of the two digit industry-groups of the manufacturing sector. The stochastic frontier production function is defined by
where, p and i stand for prefecture and industry respectively and Y is value added, K , capital and L , labour. U represents non-negative random variable affiliated with region specific factors that do not allow p th region to attain the maximum efficiency of production and V is random error term. Representing frontier output as * Y , pi TE , the technical efficiency of the p th prefecture for a given industry i , is defined as,
In the second step, we examine the association between the technical efficiency of each of the industry groups on the one hand and on the other, per capita income, unemployment rate and the agglomeration variable conceptualized in terms of two alternative indices, namely the proportion of manufacturing employment and population density as mentioned above. This is pursued in terms of factor analysis because the regression framework requires clear cut causality connections and secondly, the variables of our concern cannot be tackled in a single equation model. In other words, it requires a system of equations for a group of jointly determined endogenous variables keeping in view the possibility of simultaneity that may exist among the variables. Since empirical estimation of such a model requires inclusion of several variables for the equations to be identified, we prefer to base our estimation on factor analysis. A simple correlation analysis on the other hand takes only two variables at a time, while factor analysis enables to observe the association among a group of variables at a time, though the basic input for this analysis is the correlation matrix (Harman, 1967) . The significant factors are identified on the basis of the magnitude of the eigenvalue, i.e., if the eigenvalue is greater than one then the factor is treated as significant. The factor loadings from the rotated factor matrix (rotated by varimax technique) are considered for interpretation as the unrotated factors are not statistically independent of each other.
Empirical Results
For each of the industry groups Cobb-Douglas production function in terms of value added has been estimated in a stochastic frontier framework by applying the maximum likelihood method (Table 4) . Following Aigner, Lovell and Schmidt (1977) (Battese, 1991) . Since we have used purely cross-sectional data, and not panel data, specific distributional assumptions about the one-sided component of the disturbance term has to be made in order to obtain estimates of efficiency for individual prefectures (see Bauer, 1990) . In this case we assume that the errors representing the efficiency (inefficiency) follow half-normal distribution. When v σ is the standard deviation of the symmetric errors, σ is not the standard deviation of the non-negative errors when they follow half-normal distribution. The variance of the non-negative errors when they follow half-normal distribution is given by [ ]
The results of the frontier production function for each of the two-digit industry groups are presented in Table 4 . The logarithm transform of gross value added (lnGVA) has been regressed on logarithm transform of employment (lnEMP) and capital (lnCAP). The coefficients representing the elasticity of value added with respect to employment and that with respect to capital are both positive for all the industries, suggesting that the marginal productivity of labour and capital are positive too 3 . Both in terms of t-ratios corresponding to the coefficients and the chi-square values representing the overall goodness of fit of the equations, the results are satisfactory. Except is a few cases, t-ratios are mostly significant. Following Jondrow et al.
(1982) the non-negative errors are predicted by their conditional expectation given the value of the observable random variable,
Once the prefecture specific efficiency index for each industry, Up e − , is generated, in step 2 we examine its relationship with other variables mentioned above. Note: lnGVA, lnEMP and lnCAP are logarithm transformation of gross value added, employment and capital respectively. CONS is the intercept. In factor analysis, the basic assumption is that each variable can be expressed in terms of certain unobservable factors, and the coefficients of these factors are called factor loadings. So the primary objective is to discern a prominent mapping pattern, if any, between factors and variables. This is of course done only in relation to the dominant or significant factors. In other words we try to identify the variables which are largely explained by the dominant factor(s).
Two separate sets of factor analysis have been carried out. One considers the proportion of manufacturing employment to total workforce (MT) as a proxy for agglomeration variable and the other takes population density (POPDEN) as a measure of the same variable. Efficiency, per capita income (PCI) and unemployment rate (UMP) are the common variables in both the sets.
Except for the industry group 10, all others seem to have only one dominant factor with an eigenvalue greater than 1.
The results presented in Table 5 bear certain interesting features. For most of the industry groups at least one of the two agglomeration specific variables seems to be having a positive association with efficiency. Variable(s) representing agglomeration economies seem to correspond to high factor loadings, though corresponding to efficiency the factor 1 does not necessarily show high factor loadings. However, by taking 0.10 as the cut-off level it may be concluded that efficiency is at least moderately related to agglomeration economies in most of the cases except the four industry groups (12, 15, 23, and 32) . Among the industry groups, showing a positive relationship with agglomeration variable(s), food (9), beverages (10), textiles (11), lumber and wood (13), furniture (14), non-ferrous metals and products (24) and electronic parts and devices (29) are accompanied by a relatively high factor loading (at least 0.25) corresponding to technical efficiency. Since most of these groups are light goods industries except 24 and 29, it may be safe to suggest that agglomeration effects are relatively stronger in such industries vis-à-vis heavy industries, though in the latter group of industries also agglomeration effect works.
The factor loading corresponding to per capita income is also on the high side with positive sign for most of the industry groups. Hence, the agglomeration economies are seen to be accompanied by higher levels of growth as well, and the mechanism of agglomeration economies impacting on growth is seen at least partly in terms of technical efficiency. In a dynamic sense this would mean that agglomeration economies lead to higher economic growth by raising the total factor productivity growth. Also, the unemployment rate is seen to be accompanied by a high factor loading (except for the industry group 11) at least when the agglomeration variable is gauged in terms of the percentage of manufacturing employment in total work force. This tends to support the view that higher growth also generates employment opportunities and hence, large urban centres are characterised by lower unemployment rates. However, the fact that efficiency index does not correspond to a high factor loading implies the existence of many other mechanisms through which agglomeration economies generate higher growth. Given the fact that in the existing literature empirical evidence on the existence of agglomeration economies has been somewhat mixed, these findings have important implications both from analytical and policy point of view. 
Conclusion
This paper addresses itself to the issue of agglomeration economies and its effect on economic growth and unemployment. The major links between external scale economies and growth are perceived in terms of technical efficiency, and higher growth is taken to reduce the unemployment rate. Based on the stochastic frontier production function framework the technical efficiency index for each of the prefectures is estimated for most of the two-digit industry groups.
In the second stage the relationship among the efficiency index corresponding to each industry, agglomeration specific variable(s), growth indicator (per capita income) and welfare indicator (the unemployment rate) is examined in terms of factor analysis. For the external scale variables two alternative indices are selected: one is population density and the other is percentage of total manufacturing employment in total work force.
The empirical results are suggestive of the positive effect of agglomeration economies on efficiency, though efficiency does not take high factor loadings in a large majority of the cases.
However, it would be misleading to ignore the agglomeration effects either. In some of the light goods industries particularly the effect is relatively stronger. The study also verifies that agglomeration effects are seen in terms of higher growth indicator and lower unemployment rates.
It may, therefore, be concluded that technical efficiency is only one of the various mechanisms in terms of which agglomeration effects translate themselves into higher economic growth. Further research is needed to identify some of those channels. The policy implication of the study is that concentration can be effective in raising higher productivity and growth, and dispersal policy can prove to be counter-productive. This has a lesson for developing economies, which are in strong need of raising productivity in the face of globalisation and rising competition. However, to what extent these countries can allow interspatial-inequality to grow so as to fasten economic growth is a critical question, which cannot be answered in the light of this paper. 
